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T h i s  r e p o r t  rev iews  t h e  p rogres s  made on  t h e  development o f  a 
r e g e n e r a t i v e  hydrogen-oxygen fue l  cell  under  NASA C o n t r a c t  3-2781 
d u r i n g  t h e  p e r i o d  o f  1 A p r i l  1966 through 30 June  1966. The program 
o b j e c t i v e  i s  t h e  development: of a n  e l e c t r o l y t i c a l l y  r e g e n e r a t i v e ,  hydrogen- 
oxygen f u e l  cell that w i l l  be s u p e r i o r  i n  performance to c u r r e n t l y  a v a i l a b l e  
r e c h a r g e a b l e  b a t t e r i e s .  The dev ice  under  development c o n s i s t s  of a c e l l  
stack that i s  u t i l i z e d  as  a n  e l e c t r o l y z e r  d u r i n g  cha rge  p e r i o d s  and as  
a f u e l  ce l l  d u r i n g  d i s c h a r g e  p e r i d s .  
used t o  c o n t a i n  hydrogen and oxygen gas  that i s  gene ra t ed  d u r i n g  cha rge .  
Such a d e v i c e  o f f e r s  advantages  i n  t h e  area of wat t -hours -per -pound,  h i g h  
ambient  t empera tu re  o p e r a t i o n ,  and comparable  c y c l e  l i f e  t h a n  t h a t  which 
c a n  be  ob ta ined  from e x i s t i n g  secondary b a t t e r i e s .  Phase I c o n s i s t e d  o f  
a d e s i g n  development and t e s t i n g  o f  a nominal 75-watt ,  44-wat t -hour ,  
6 - c e l l  u n i t  t o  demons t r a t e  t h e  f e a s i b i l i t y  o f  a m u l t i c e l l  r e g e n e r a t i v e  
d e v i c e .  T h i s  phase h a s  been completed. Phase I1 (as modif ied)  c o n s i s t s  
o f  t h e  i n v e s t i g a t i o n  of t h e  a s b e s t o s  m a t r i x ,  e l e c t r o d e  combina t ions  t o  
improve c y c l e  l i f e ,  and t h e  des ign  and development o f  a 500-watt ,  600- 
wa t t -hour ,  3 4 - c e l l  u n i t  o f  minimum we igh t  f o r  e v a l u a t i o n  a s  a f l i g h t  
p r o  to type .  
I n t e g r a l  g a s  s t o r a g e  t a n k s  are  
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2. SUMMARY 
During t h i s  pe r iod  pr imary  emphasis  was p l a c e d  on t h e  t e s t i n g  o f  
s i n g l e  c e l l s  w i t h  v a r i o u s  e l e c t r o d e  and m a t r i x  s t r u c t u r e s  t o  improve 
c y c l e  l i f e  c a p a b i l i t i e s  and t o  o b t a i n  a b e t t e r  u n d e r s t a n d i n g  o f  modes 
of  d e t e r i o r a t i o n  o f  c e l l  per formance .  S i n g l e  c e l l  t e s t s  o f  t h e  
c o n c e n t r a t i o n  type  and c o n v e n t i o n a l  c y c l i n g  type  i n d i c a t e d  t h a t  a s b e s t o s  
m a t r i c e s  a r e  a major  f a c t o r  i n  t h e  performance d e g r a d a t i o n s  t h a t  w e  have 
observed  thus  f a r .  F a b r i c a t i o n  t e c h n i q u e s  were e s t a b l i s h e d  f o r  forming 
m a t r i c e s  us ing  potass ium t i t a n a t e  a s  a s u b s t i t u t e  f o r  a s b e s t o s .  These.  
new matrices have enab led  c y c l e  l i f e  improvements above  w h a t  had been 
p r e v i o u s l y  ob ta ined  w i t h  a s b e s t o s  matrices. C o r r o s i o n  t e s t s  o f  po ta s s ium 
t i t a n a t e  wi th  mol t en  po ta s s ium hydrox ide  have shown a r e l a t i v e l y  low 
r a t e  o f  r e a c t i o n  e x i s t s .  
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1. 
3 .  TECHNICAL DISCUSSION 
3.1 S i n p l e  C e l l  T e s t s  
T h i r t y  two s i n g l e  c e l l  t es t s  were conducted d u r i n g  t h i s  p e r i o d  
t o  e v a l u a t e  t h e  performance of v a r i o u s  e l e c t r o d e  and  matrix s t r u c t u r e s .  
T e s t  r e s u l t s  and  c o n s t r u c t i o n  v a r i a b l e s  o f  t h e s e  c e l l s  a re  summarized 
i n  T a b l e  1. 
3.1.1 0,. C o n c e n t r a t i o n  T e s t s  
L 
Cells No. 170 and 173 were s t a r t e d  i n  t h e  l a s t  r e p o r t  p e r i o d  
and COncistPd of concentration c e l l  of the type described in the ?th 
Q u a r t e r l y  Repor t .  C e l l  1 7 0  was a c o n t i n u o u s  oxygen c o n c e n t r a t i o n  c e l l  
tes t  employing f u e l  c e l l  t y p e  a s b e s t o s  and go ld  c o a t e d  p l a t i n i z e d  
e l e c t r o d e s .  The c e l l  w a s  r u n  c o n t i n u o u s l y  €o r  a p e r i o d  o f  456 h o u r s ,  
a t  which t i m e  t h e  t e s t  was d i s c o n t i n u e d  t o  t o  e x c e s s i v e  o v e r p o t e n t i a l s .  
During t h e  test  p e r i o d  t h e r e  was a g r a d u a l  r ise i n  v o l t a g e  w i t h  t i m e  
a s  shown i n  F i g u r e  1. A n a l y s i s  o f  a sample o f  e l e c t r o l y t e  squeezed 
from t h e  m a t  o f  t h e  c e l l  r e v e a l e d  a f i n a l  KOH c o n c e n t r a t i o n  o f  26.25 
p e r c e n t .  The e l e c t r o d e s  and  a s b e s t o s  m a t  were r e l a t i v e l y  c l e a n ,  w i t h  
t h e  e x c e p t i o n  that  t h e  p o r o u s  n i c k e l  s u b s t r a t e  appea red  o x i d i z e d ,  
e s p e c i a l l y  on t h e  e l e c t r o d e  t h a t  was u t i l i z e d  on t h e  oxygen e v o l u t i o n  
s i d e  o f  t h e  ce l l .  
C e l l  N o .  173 c o n s i s t e d  of  g o l d  c o a t e d  p l a t i n i z e d  e l e c t r o d e  
and a m a t  f a b r i c a t e d  from t h r e e  l a y e r s  of  0.020 i n c h  po ta s s ium t i t a n a t e  
pape r .  The ce l l  was p u t  on t e s t  a s  a c y c l i n g  c o n c e n t r a t i o n  c e l l ,  c o n s i s t i n g  
o f  35 m i n u t e s  p e r i o d .  F i g u r e  2 shows t h e  mid-point  v o l t a g e  o f  t h e  c e l l  a t  
e a c h  d i r e c t i o n  o f  c u r r e n t  f low a s  a f u n c t i o n  o f  c y c l e s .  F i g u r e  3 shows 
t h e  v o l t a g e  performance o f  t h e  c e l l  a t  v a r i o u s  c y c l e s .  
d i s c o n t i n u e d  a f t e r  200 c y c l e s  d u e  t o  h i g h  o v e r p o t e n t i a l .  A s  can  be s e e n ,  
The test  was 
t h e r e  was a g r a d u a l  r i s i n g  of v o l t a g e  w i t h  c y c l i n g  t o  t h e  end o f  t h e  test. 
N o t e  a l s o  t h e  d i f f e r e n c e  i n  v o l t a g e  a s  t h e  c e l l  r e v e r s e d  p o l a r i t y ,  i n d i c a t i n g  
a d i f f e r e n c e  i n  t h e  e l e c t r o d e  s t r u c t u r e  and performance of  t h e  e l e c t r o d e s  
w i t h i n  t h e  cel l .  When t h e  cell w a s  d i s a s s e m b l e d ,  t h e  m a t  a p p e a r e d  ex t r eme ly  
d ry .  A sample o f  e l e c t r o l y t e  could n o t  be o b t a i n e d  f o r  a n a l y s i s .  T h i s  
t e s t ,  a t  t h e  p o i n t  o f  conc lus ion ,  r e p r e s e n t e d  a maximum number o f  c y c l e s  
o r  o p e r a t i n g  t i m e  a c h i e v e d  i n  a c y c l i n g  c o n c e n t r a t i o n  c e l l  and  t h e r e f o r e  
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C e l l  No. 181 conta ined  American Cyanamid type  e l e c t r o d e s  w i t h  
a m a t  o f  t h r e e  l a y e r s  of  0.020 inch  t h i c k  KT paper .  One e l e c t r o d e  employed 
w a s  new, w h i l e  t h e  o t h e r  e l e c t r o d e  was one that had been p r e v i o u s l y  used 
i n  o t h e r  c e l l  tests. The c e l l  w a s  sub jec t ed  t o  t e s t  i n  a c y c l i n g  con- 
c e n t r a t i o n  ce l l  mode, and w a s  t e s t e d  con t inuous ly  f o r  32 c y c l e s .  During 
t h e  c y c l i n g ,  t h e r e  w a s  a gradual  i n c r e a s e  i n  v o l t a g e .  The tes t  was d i s -  
con t inued  a t  t h e  32nd c y c l e  when t h e  v o l t a g e  reached 1 v o l t .  The poor 
performance cou ld  be a t t r i b u t e d  t o  t h e  p r e v i o u s l y  used e l e c t r o d e .  
C e l l  No. 183 conta ined  American Cyanamid type  e l e c t r o d e s  and 
a f u e l  c e l l  g rade  a s b e s t o s  m a t  t h a t  had been s u b j e c t e d  t o  a n  a c i d  wash 
p rocess .  The c e l l  was t e s t e d  i n  a cont inuous  c o n c e n t r a t i o n  c e l l  mode 
and r a n  f o r  a per iod  of 140 hours t o  a 0.95 v o l t  c u t o f f .  During t h e  
p e r i o d  t h e r e  was a g r a d u a l  r i s e  i n  v o l t a g e  w i t h  t ime. 
C e l l  N o .  184 conta ined  American Cyanamid type  e l e c t r o d e s  and 
a n  a c i d  washed f u e l  c e l l  grade  a s b e s t o s  m a t  i d e n t i c a l  i n  c o n s t r u c t i o n  t o  
C e l l  N o .  183. T h i s  c e l l ,  t o o ,  was run  i n  a cont inuous  c o n c e n t r a t i o n  
c e l l  mode and r a n  f o r  a p e r i o d  of  7 2  h o u r s  t o  a 1 . 2  v o l t  c u t o f f ,  showing 
a g radua l  r i se  i n  v o l t a g e  w i t h  t i m e .  F i n a l  KOH o f  t h e  c e l l  was ana lyzed  
t o  be 30.5 p e r c e n t .  
C e l l  No. 186 was a cyc l ing  c o n c e n t r a t i o n  c e l l  run a t  18 amps. 
2 (100 MAJcm ) 
American Cyanamid type  AB6 con ta in ing  9 mi l l i g rams  o f  p la t inum p e r  c m  
and t h e  m a t  was 75 p e r c e n t  KT 25 percen t  a s b e s t o s .  The potass ium t i t ana te  
paper  used i n  Cel l s  No. 173 and N o .  181 was a sample o f  a m a t e r i a l  manu- 
f a c t u r e d  by DuPont that h a s  been d i scon t inued .  Th i s  material has  been 
r e p l a c e d  by a pigmentary potassium t i t a n a t e  and i s  p r e s e n t l y  t h e  on ly  
form o f  potass ium t i t a n a t e  a v a i l a b l e .  The new m a t e r i a l  i s  e s s e n t i a l l y  
a powder c o n s i s t i n g  of p a r t i c l e s  approximate ly  0.2 microns  i n  d i ame te r  
and 10 microns  long. Mats for t h e  c e l l s  f a b r i c a t e d  from pigmentary KT 
are made from a water s l u r r y  of t h e  KT p l u s  any a d d i t i o n s  d e s i r e d .  
Forming i s  accomplished by f i l t e r i n g  the s l u r r y  i n  a Buchner f u n n e l .  The 
f i l t e r  cake  (6-318'' d ia . )  is then p res sed  t o  compact t h e  m a t .  
w a s  employed w i t h i n  t h e  KT m a t e r i a l  f o r  C e l l  No. 186 t o  add a d d i t i o n a l  
f o r  35  minutes  a t  each p o l a r i t y .  E l e c t r o d e s  employed were 
2 
Asbes tos  
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s t r e n g t h  t o  the m a t r i x  s i n c e  pu re  KT mats  a r e  ex t remely  b r i t t l e .  
The c e l l  was c y c l e d  f o r  a t o t a l  o f  320 c y c l e s ,  a t  which p o i n t  t h e  v o l t a g e  
reached  1.1 v o l t s ,  and t h e  t e s t  was d i s c o n t i n u e d .  A d d i t i o n a l  m o i s t u r e  
was added t o  t h e  c e l l  by f i l l i n g  t h e  c e l l  c a v i t i . e s  w i t h  hydrogen and 
oxygen g a s  and d i s c h a r g i n g  t h e  g a s  i n t o  t h e  c e l l ,  The c e l l  was once 
a g a i n  pu t  on c y c l e  and was run  f o r  a n  a d d i t i o n a l  10 c y c l e s .  Tne  
v o l t a g e  o f  t h e  c e l l  a f t e r  t h e  a d d i t i o n  o f  w a t e r ,  dropped t o  a lower 
l e v e l ,  t h e n  rose r a p i d l y  o v e r  t h e  10 c y c l e  p e r i o d  t o  t h e  h igh  v o l t a g e  
l e v e l  ob ta ined  when t h e  t e s t  was s topped .  The d isassembled  c e l l  showed 
no v i s u a l  s igns  of d e g r a d a t i o n ,  and t h e  m a t  was c l e a n  and w h i t e  i n  
appearance  throughout.  The v o l t a g e  performance o f  t h i s  c e l l  i s  shown 
i n  F i g u r e  4 .  F i g u r e  4 shows a p l o t  of  t h e  c e l l  v o l t a g e  mid p o i n t s  o f  
each c y c l e  a s  a f u n c t i o n  o f  c y c l e  number. A s  can be  s e e n ,  t h e r e  i s  a 
d i f f e r e n c e  between t h e  v o l t a g e  o f  t h e  c e l l  a s  t h e  p o l a r i t y  s h i f t s .  
F i g u r e  5 shows t h e  i n d i v i d u a l  v o l t a g e  performance a t  d i f f e r e n t  c y c l e s .  
A s  c a n  be seen, t h e r e  i s  a g r a d u a l  i n c r e a s e  i n  v o l t a g e  w i t h  t i m e ,  b u t  
t h i s  performance i s  f a r  b e t t e r  t han  any p r e v i o u s  performance o b t a i n e d  
and i n d i c a t e s  a very  promising s o l u t i o n  t o  d e g r a d a t i o n  problems encountered 
i n  t h e  p a s t .  
C e l l  No. 187 conta ined  American Cyanamid type  e l e c t r o d e s  and 
a m a t r i x  made o f  100 p e r c e n t  KT. T h i s  c e l l  employed e l e c t r o d e s  t h a t  had 
been p r e v i o u s l y  used i n  a number o f  r u n s  and t h a t  had p o s s i b l e  contaminants  
on them. The c e l l  r a n  i n  a t e s t  o f  t h e  cont inuous  c o n c e n t r a t i o n  c e l l  
t ype  f o r  a per iod o f  27  hours  t o  1.1 v o l t  c u t - o f f .  
c e l l  was i n i t i a l l y  h igh  and r o s e  r a p i d l y  t o  t h e  1.1 v o l t  l e v e l .  A n a l y s i s  
of  t h e  KOH c o n c e n t r a t i o n  i n  t h e  m a t  r e v e a l e d  a 35.6 p e r c e n t .  The s h o r t  
run  o f  t h i s  c e l l  could  be a t t r i b u t e d  t o  t h e  o l d  e l e c t r o d e s  used i n  t h e  
c e l l .  
The v o l t a g e  o f  t h e  
C e l l  No. 188 a l s o  c o n s i s t e d  o f  a c e l l  employing o l d  American 
Cyanamid e l e c t r o d e s  w i t h  a 100 p e r c e n t  KT mat i n  a cont inuous  c o n c e n t r a -  
t i o n  c e l l  mode. T h i s  c e l l ,  t o o ,  e x h i b i t e d  i n i t i a l  high v o l t a g e  and t h e  
t e s t  was d i s c o n t i n u e d  . 
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C e l l  No. 189 conta ined  new American Cyanamid type  e l e c t r o d e s  
w i t h  a 100 p e r c e n t  po tass ium t i t ana te  m a t .  Th i s  c e l l  developed a s h o r t  
i n  assembly and was n o t  sub jec t ed  t o  tes t .  
C e l l s  Nos. 190 and 191 were cont inuous  c o n c e n t r a t i o n  c e l l  
tests. They bo th  con ta ined  matrices composed o f  100 pe rcen t  po tass ium 
t i tanate .  C e l l  190 conta ined  American Cyanamid type  e l e c t r o d e s  AB6, 
and C e l l  191  con ta ined  F e l t  Metal N icke l  e l e c t r o d e s  t h a t  had been gold  
coa ted  and p l a t i n i z e d  by e l e c t r o d e p o s i t i n g  p la t inum on the  e l e c t r o d e s .  
C e l l  190 r a n  f o r  a pe r iod  o f  700 hour s  t o  a 1.1 v o l t  c u t - o f f  p o i n t .  
C e l l  191 r a n  f o r  a pe r iod  of  840 hours  t o  1.1 v o l t  c u t - o f f  p o i n t .  The 
resu l t s  o f  t h e s e  ce l l s  are  shown i n  F i g u r e s  6 and 7.  Throughout t h e  t e s t  
t h e r e  was a g r a d u a l  i n c r e a s e  i n  v o l t a g e  wi th  t i m e .  The i n i t i a l  h i g h  
p o i n t  i n  v o l t a g e  o f  c e l l  191  was due t o  a lowering o f  t h e  oven tempera- 
t u r e  which w a s  c o r r e c t e d .  The l i f e  ob ta ined  w i t h  t h e s e  two ce l l s  w a s  
far  s u p e r i o r  t o  that ob ta ined  i n  p r e v i o u s  c o n c e n t r a t i o n  c e l l s  w i t h  a s b e s t o s  
and  shows t h e  promis ing  na tu re  o f  po tass ium t i t a n a t e  m a t r i c e s .  From t h e  
r e s u l t s ,  i t  a p p e a r s  that a d e t e r i o r a t i n g  mode s t i l l  exists with potass ium 
t i t ana te  matrices, b u t  t h e  r a t e  of  d e g r a d a t i o n  i s  r e l a t i v e l y  low. Also  
t o  be cons ide red  i s  t h a t  i n  t h e  c o n c e n t r a t i o n  c e l l  tests, t h e r e  a r e  two 
f u n c t i o n i n g  oxygen e l ec t rodes - -one  i n  t h e  d i s c h a r g e  mode, and one i n  
t h e  charge  mode. 
C e l l  No. 193 c o n s i s t e d  o f  two e l e c t r o d e s  made o f  e l e c t r o p l a t i n g  
p la t inum black  on a gold  p l a t ed  n i c k e l  s c reen .  The ce l l  employed a 
m a t r i x  of  90 pe rcen t  potassium t i tanate ,  10 p e r c e n t  a s b e s t o s ,  and was run  
i n  a c y c l i n g  c o n c e n t r a t i o n  mode. F i g u r e  8 shows t h e  mid-point  v o l t a g e  
o f  t h e  ce l l  a s  c y c l i n g  proceeded. F i g u r e  9 shows t h e  v o l t a g e  of v a r i o u s  
c y c l e s  th roughout  the t e s t i n g .  A s  can  b e  seen ,  t h e r e  was a g r a d u a l  r ise 
i n  t h e  v o l t a g e  w i t h  c y c l i n g ,  and t h e  l a t t e r  cycles  showed a more p ro -  
nounced upward s l o p e  i n  t h e  vo l t age  ove r  t he  t i m e  p e r i o d ,  and t h e  tes t  
was d i s c o n t i n u e d .  
C e l l  N o .  194 cons i s t ed  o f  a used set of  American Cyanamid 
e l e c t r o d e s  w i t h  a 100 p e r c e n t  po tass ium t i tanate  ma t r ix .  
p u t  on a con t inuous  c o n c e n t r a t i o n  c e l l  t e s t  and r o s e  very  r a p i d l y  t o  1.1 
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v o l t s ,  and t h e  t e s t  was d i s c o n t i n u e d .  
C e l l  No. 201 employed a p l a t i n i z e d  go ld  s c r e e n  oxygen e l e c t r o d e  
and p l a t i n i z e d  gold s c r e e n  c o u n t e r  e l e c t r o d e  and was s u b j e c t e d  t o  t e s t  
i n  oxygen c o n c e n t r a t i o n  c e l l  t e s t  mode. The matr ix  was composed o f  two 
l a y e r s  of t e f l o n  c l o t h  t h a t  had been impregnated w i t h  potass ium hydroxide 
e l e c t r o l y t e .  The i n t e n t  of  t h e  t e s t  was t o  u s e  a complete  i n e r t  m a t r i x  
and determine i f  any  d e g r a d a t i o n  i n  performance o c c u r r e d  w i t h  t h e s e  
t y p e s  of e l e c t r o d e s .  However, when t h e  c e l l  was s t a r t e d  on t e s t ,  t h e  
v o l t a g e  rose  v e r y  r a p i d l y  t o  1.S v o l t s  and t h e r e f o r e  c o n c e n t r a t i o n  c e l l  
t e s t s  cannot b e  conducted.  The h igh  v o l t a g e  was due t o  t h e  h i g h  r e s i s t a n c e  
o f  t h e  t e f l o n  c l o t h  m a t r i c e s .  
Table  2 r e p r e s e n t s  a summary of  a l l  t h e  c o n c e n t r a t i o n  c e l l  
t e s t s  conducted t h u s  f a r  i n c l u d i n g  c e l l s  t e s t e d  i n  t h e  p r e v i o u s  r e p o r t  
p e r i o d .  It shows t h e  c e l l  t e s t s  employing potassium t i t a n a t e  have 
performed s u p e r i o r  t o  a s b e s t o s  type c e l l s .  Based on t h e  s a t i s f a c t o r y  
performance o f  t h e  KT mats  and c o n s i d e r i n g  t h e  l i m i t e d  t e s t  f a c i l i t i e s  
a v a i l a b l e ,  i t  has  been dec ided  t o  do f u r t h e r  t e s t i n g  and t h e  perfecting 
o f  t h e s e  m a t r i c e s  u t i l i z i n g  a c t u a l  f u e l  c e l l  c y c l i n g  t e s t s .  
3 .1 .2  P r i m a r y  Fue l  Ce l l  Tests 
C e l l  No. 178  conta ined  gold c o a t e d  p l a t i n i z e d  e l e c t r o d e s  w i t h  
a f u e l  c e l l  g r a d e  a s b e s t o s  mat and was s u b j e c t e d  t o  t e s t  i n  a pr imary 
mode i n  which gaseous oxygen and hydrogen were c o n t i n u o u s l y  fed t o  t h e  
c e l l .  T h i s  t e s t  was conducted t o  de te rmine  i f  s i m i l a r  d e g r a d a t i o n  
would be observed i n  a primary mode o f  o p e r a t i o n .  The oxygen was dead 
ended and the hydrogen was a l lowed t o  v e n t  from t h e  c e l l  t o  remove 
p r o d u c t  water  t h a t  was formed d u r i n g  d i s c h a r g e .  For  t h i s  t e s t  t h e  
s t a n d a r d  s i n g l e  c e l l  hardware t h a t  h a s  been used i n  t h e  t e s t i n g  o f  t h e  
r e g e n e r a t i v e  f u e l  c e l l  was u t i l i z e d .  I n  t h e  t e s t i n g  o f  t h e  c e l l ,  t h e r e  
was a gradual  d e c r e a s e  i n  v o l t a g e  w i t h  t i m e .  T h i s  was due t o  t h e  type  
o f  c o n s t r u c t i o n  i n  t h e  c e l l  which d i d  n o t  a l l o w  f o r  i n t i m a t e  c o n t a c t  o f  
the hydrogen g a s  f lowing through t h e  c e l l  t o  p i c k  up product  w a t e r ,  and 
t h e r e f o r e  the  c e l l  f looded o u t  w i t h  t i m e .  The c e l l  c o n s t r u c t i o n  c o n s i s t s  
of a s o l i d  Monel back-up p l a t e  behind t h e  e l e c t r o d e  which c o n t a i n s  f o u r  
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TABLE 2 
SUMMARY OF CONCENTRATION 
CELL RESULTS 
Continuous 
C e l l  E l e c t r o l y t e  Matrix Type Time t o  F i n a l  KOH 


















Gold Coated F.C. Asbes tos  
and P t .  
I 1  I I  I 1  11 





Asbes tos  
II 11 
100 $ KT 
Am. Cy. 100 $ KT 
Am. Cy. 100 $ KT 
F e l t  Metal 100 I; KT 
Am, Cy. 100 $ KT 
Cvc 1 inn 
Gold coa ted  F.C. Asbes tos  
and p t .  
1 1  11 I 1  II 
I 1  11 Am. Cy. 
Gold Coated K t  . 
Am. Cy. K t .  
Am. Cy. 75: K t .  
and P t .  (3  x .020) 
(3 x .020) 
25 ;"; Asb. 
P l a t i n i z e d  90 6 K t .  
Screen  10 2. Asb. 
140 h r s .  React ion  
130 h r s .  2 9 . d  
456 h r s .  26.2!$ 
140 h r s .  36.Y< 
72 h r s .  SO.$ 
27 h r s .  35.G 
(Old poor e l e c t r o d e s )  
- (Old poor e l e c t r o d e s )  
700 h r s .  
840 h r s .  
- (Old poor e l e c t r o d e s )  
40 h r s .  - 
152 h r s .  26.$ 
3 5  h r s .  2 8 . 6  
224 h r s .  - 
37 h r s .  32.$ 
372 h r s .  
222 h r s .  - 
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€/8 inch  d iameter  h o l e s  t h a t  a l l o w  t h e  g a s  t o  f eed  t o  t h e  e l e c t r o d e .  
The hydrogen gas f lowing behind t h i s  back-up p l a t e  a p p a r e n t l y  d i d  n o t  
have  s u f f i c i e n t  c o n t a c t  w i t h  t h e  back s i d e  o f  t h e  e l e c t r o d e  t o  remove 
p r o d u c t  wa te r .  
C e l l  No. 179 was a second a t t e m p t  a t  a pr imary f u e l  c e l l  
u s i n g  a new s e t  of  gold coa ted  p l a t i n i z e d  e l e c t r o d e  and f u e l  c e l l  
g rade  a s b e s t o s .  I n  t h i s  c e l l  t h e  back-up p l a t e  was removed behind t h e  
hydrogen e l e c t r o d e  and a n i c k e l  s c r e e n  was p u t  i n  p l a c e  t o  f a c i l i t a t e  
w a t e r  removal and i n t i m a t e  c o n t a c t  o f  t h e  f lowing  hydrogen g a s  w i t h  t h e  
back s u r f a c e  of t h e  hydrogen e l e c t r o d e .  T h i s  c e l l ,  t o o ,  e x h i b i t e d  a 
g r a d u a l  d e c r e a s e  i n  v o l t a g e  w i t h  t i m e ,  i n d i c a t i n g  improper w a t e r  
t r a n s p o r t  p rocesses .  These c e l l s  i n c l u d e d  0.060 inch  t h i c k  a s b e s t o s ,  
P o s s i b l y  t h i s  m a t e r i a l  reduced t h e  t r a n s p o r t  p r o c e s s e s  a s  compared t o  
0.020 i n c h  t h i c k  a s b e s t o s  m a t e r i a l  t h a t  i s  normally used i n  pr imary 
f u e l  c e l l s .  Due t o  t h e  water  e q u i l i b r a t i o n ,  d i f f i c u l t i e s  encountered  
w i t h  t h e  primary c e l l s  and a lower p r i o r i t y ,  t h i s  t y p e  t e s t  h a s  been 
t e m p o r a r i l y  d iscont inued  . 
3 . 1 . 3  Potassium Titarzate C y c l i n ~  T e s t s  
C e l l  No. 182 conta ined  porous n i c k e l  p laques  t h a t  had been 
chemica l ly  p l a t i n i z e d  w i t h  20 m i l l i g r a m s  o f  p la t inum p e r  cm2 and a m a t  
t h a t  c o n s i s t e d  o f  75 weight p e r c e n t  po tass ium t i t a n a t e  and 25 p e r c e n t  
f u e l  c e l l  a s b e s t o s .  
The ce l l  was s u b j e c t e d  t o  a s t a n d a r d  t e s t  c y c l e  and showed 
good i n i t i a l  performance. Ho~ieve r ,  d u r i n g  t h e  1 2 t h  c y c l e ,  a n  i n t e r n a l  
s h o r t  developed i n  t h e  c e l l .  The c e l l  was d isassembled  and t h e  s h o r t  
t r a c e d  t o  the  o u t e r  edge of  one o f  t h e  e l e c t r o d e s .  S h o r t i n g  was due 
t o  a n  i m p e r f e c t i o n  i n  t h e  m a t  edge.  F i n a l  KOH c o n c e n t r a t i o n  o f  t h e  
mat was ana lyzed  t o  be 35.2"'. 
Ce l l  185 c o n s i s t e d  of a m a t r i x  made from 25 weight  p e r c e n t  
a s b e s t o s  f i b e r s  and 75 p e r c e n t  potassium t i t a n a t e  pigment.  E l e c t r o d e s  
employed were porous n i c k e l  p laques  t h a t  were gold c o a t e d  and p l a t i n i z e d  
by e l e c t r o d e p o s i t i n g  p la t inum black  on t h e  s u r f a c e  o f  t h e  e l e c t r o d e s .  
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t e s t i n g .  A s  can  be s e e n ,  t h e r e  was a s l i g h t  d e g r a d a t i o n  i n  performance 
throughout  t h e  f i r s t  200 c y c l e s  a t  which p o i n t  t h e  v o l t a g e  performance 
s t a b i l i z e d  and was c o n s i s t e n t  and r e p r o d u c i b l e  from c y c l e  t o  c y c l e  u p  
t o  t h e  417th  c y c l e .  A t  t h a t  p o i n t ,  t h e  d i s c h a r g e  voktage  e x h i b i t e d  a 
f a l l - o f f  i n  performance towards t h e  end o f  d i s c h a r g e .  T h i s  f a l l - o f f  
o f  d i s c h a r g e  v o l t a g e  was caused by t h e  r e d u c t i o n  i n  o p e r a t i n g  p r e s s u r e  
d u r i n g  t h e  cyc le .  On subsequent  c y c l e s  i t  w a s  observed  t h a t  on  charge  
i t  was n o t  p o s s i b l e  t o  b u i l d  up p r e s s u r e  g r e a t e r  t h a n  200 p s i .  Beyond 
t h e  200 p s i  p o i n t ,  a p p a r e n t l y  a slow g a s  d i f f u s i o n  and recombina t ion  was 
t a k i n g  p l a c e  s o  t h a t  t h e  a d d i t i o n a l  c h a r g i n g  of  t h e  c c l l  d i d  n o t  i n c r e a s e  
t h e  c e l l  p r e s s u r e .  On t h e  d i s c h a r g e ,  t h e  performance f e l l  o f f  a s  t h c  
p r e s s u r e  w e n t  below 50 p s i .  The i n a b i l i t y  t o  charge  t h e  c e l l  beyond 
t h e  200 p s i  l e v e l  i n d i c a t e d  t h a t  a s t r u c t u r a l  d e t e r i o r a t i o n  had t a k e n  
p l a c e  w i t h i n  t h e  mat which enabled  g a s  d i f f u s i o n  and recombina t ion .  
c e l l  conta ined  e l e c t r o d e s  t h a t  had a porous n i c k e l  p laque  s u b s t r a t e  and 
o x i d a t i o n  of the s u b s t r a t e  i n  c y c l i n g  had r e s u l t e d  i n  d i f f e r e n t i a l  
p r e s s u r e  swings a s  h i g h  a s  15 p s i  a s  i t  switched from charge  t o  d i s c h a r g e .  
I t  i s  p o s s i b l e  t h a t  t h e  accumula t ive  e f f e c t s  o f  t h i s  d i f f e r e n t i a l  p r e s s u r e  
pushing  on the m a t r i x  from s i d e  t o  s i d e  r e s u l t e d  i n  i t s  s t r u c t u r a l  
d e t e r i o r a t i o n  and enabled t h e  c r o s s  g a s  leakage  and d i f f u s i o n .  The 
c e l l  w a s  cyc led  a n  a d d i t i o n a l  10 c y c l e s  beyond t h e  p o i n t  o f  r a p i d  f a l l -  
o f f  i n  performance t o  a t o t a l  accumulated c y c l e s  l i f e  o f  420 c y c l e s ,  and 
t h e  t es t  was s t o p p e d .  Examination o f  t h e  i n t e r n a l  c e l l  components 
r e v e a l e d  no obvious  v i s i b l e  changes i n  t h e  matrix s t r u c t u r e .  A l i m i t e d  
amount o f  plat inum b lack  was observed on t h e  m a t r i x  a d j a c e n t  t o  the  
e l e c t r o d e s  which was a p p a r e n t l y  due t o  mechanical  adherence ,  b u t  t h e  
d e p t h  o f  the  m a t  was r e l a t i v e l y  c l e a n .  An a n a l y s i s  o f  f i n a l  e l e c t r o l y t e  
c o n c e n t r a t i o n  i n  t h e  mat revea led  32.5 p e r c e n t .  
T h i s  
C e l l  No. 192 c o n s i s t e d  o f  a new type  o f  oxygen e l e c t r o d e  t h a t  
was made by t a k i n g  a c l o s e  mesh n i c k e l  screen,  gold p l a t i n g  i t ,  and then  
e l e c t r o d e p o s i t i n g  p la t inum b l a c k  on t h e  s c r e e n  t o  a l o a d i n g  o f  20-25 
m i l l i g r a m s  p la t inum p e r  cm . The p la t inum b l a c k  was r o l l e d  l i g h t l y  t o  
p r e s s  i t  i n t o  t h e  h o l e s  o f  t h e  s c r e e n  and make a more a d h e r e n t  s t r u c t u r e .  
2 
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T h i s  e l e c t r o d e  type  was a n  a t t empt  t o  make a p la t inum e l e c t r o d e  t h a t  
con ta ined  no w e t  p r o o f i n g  and would n o t  be s u b j e c t  t o  o x i d a t i o n  of t h e  
s u b s t r a t e .  The c e l l  was assembled w i t h  a hydrogen e l e c t r o d e  of the  EOS 
s t a n d a r d  type  t h a t  w a s  f a b r i c a t e d  by r e c y c l i n g  h o t  c h l o r o p l a t i n i c  a c i d  
s o l u t i o n  through a porous  n i c k e l  p laque  t o  a load ing  of  20 m i l l i g r a m s  
p e r  cm . The m a t r i x  was f a b r i c a t e d  from a 90 pe rcen t  po tass ium t i t a n a t e ,  
10 p e r c e n t  a s b e s t o s  m i x  by weight. The c y c l i n g  t e s t  r s s u l t s  are  shown 
on F i g u r e  11. A s  c a n  be seen ,  t h e r e  was a gradual  i n c r e a s e  i n  cha rge  
v o l t a g e  w i t h  c y c l i n g ,  and  a gradual  d e c r e a s e  i n  d i s c h a r g e  v o l t a g e  wi th  
c y c l i n g .  On t h e  327th c y c l e ,  the  c e l l  s t a r t e d  t o  recombine d u r i n g  
cha rge ,  and t h e  c e l l  p r e s s u r e  only r o s e  t o  200 ps i .  The re fo re ,  t h e  
test w a s  d i scon t inued .  The r e s u l t s  o f  t h i s  t e s t  and p r e v i o u s l y  observed  
r e s u l t s  o f  C e l l  185 i n d i c a t e  t h a t  t h e  t i t a n a t e  a s b e s t o s  m a t r i c e s  a re  
p o s s i b l y  too  porous,  and minute s t r u c t u r a l  changes t h a t  occu r  due t o  
d i f f e r e n t i a l  p r e s s u r e s  could  be c a u s i n g  c r o s s  leakage .  A t t e m p t s  t o  
d e n s i f y  and i n c r e a s e  t h e  c o n t r o l s  of  t h e s e  type  of  matrices w i l l  be 
i n v e s t i g a t e d  i n  t h e  nex t  per iod .  
2 
Cel ls  195 c o n s i s t e d  o f  American Cyanamid AB6 t y p e  oxygen 
e l e c t r o d e s  and hydrogen e l e c t r o d e s  t h a t  were f a b r i c a t e d  by r e c y c l i n g  ho t  
c h l o r o p l a t i n i c  a c i d  through porous n i c k e l  p laques .  The m a t s  were 
f a b r i c a t e d  from a 90 pe rcen t  KT, 10 pe rcen t  a s b e s t o s  weight  mix. 
The c e l l  was cyc led  con t inuous ly  and showed v i r t u a l l y  no 
d e g r a d a t i o n  of  performance t o  278 c y c l e  p o i n t  a t  which t ime t h e  d i s c h a r g e  
v o l t a g e  dropped t o  a very  low l e v e l .  
i n  F i g u r e  12. 
formance o f  t h e  c e l l .  T h i s  cell  d e t e r i o r a t i o n  was d i f f e r e n t  t han  
p r e v i o u s l y  observed t y p e  d e t e r i o r a t i o n s  s i n c e  ove r  a p e r i o d  o f  1 cycle  
t h e r e  was a sha rp  d rop  i n  performance. Due t o  t h i s  t y p e  o f  f a i l u r e ,  
t h e  c e l l  was d isassembled  and a new m a t r i x  c o n s i s t i n g  o f  90 p e r c e n t  
po tass ium t i t a n a t e ,  10 p e r c e n t  a s b e s t o s  was i n s e r t e d  i n  t h e  c e l l  
u t i l i z i n g  t h e  same e l e c t r o d e s  without  any washing. 
des igna ted  N o .  202 and w a s  p u t  back on cyc l ing .  
o f  c e l l  202 i s  shown i n  F i g u r e  13. 
The c y c l i n g  performance i s  shown 
No e x p l a n a t i o n  was a p p a r e n t  f o r  t h e  sha rp  drop  i n  pe r -  
T h i s  new c e l l  was 
The c y c l i n g  performance 
A s  can be seen ,  t h e r e  h a s  been a 
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gradua l  d e g r a d a t i o n  i n  performance w i t h  c y c l i n g ,  i n  p a r t i c u l a r ,  t he  
d i s c h a r g e  v o l t a g e .  
and i s  s t i l l  under  tes t .  
e l e c t r o d e s  add ing  t h e  c y c l e s  ob ta ined  w i t h  c e l l  No. 195  i s  664 c y c l e s .  
The r ecove ry  of t h e  c e l l  w i t h  t h e  i n s e r t i o n  o f  t h e  new m a t r i x  i n d i c a t e s  
p o s s i b l y  a h i g h  r e s i s t a n c e  c o n t a c t  had developed w i t h i n  t h e  c e l l .  The 
f i i i a l  e l e c t r o l y t e  coiiceiitratlon iii the  r a t s i x  o f  c e l l  195 was found to 
be 30.03 pe rcen t .  A one inch  squa re  sample o f  t he  m a t r i x  was ana lyzed  
f o r  p la t inum and found t o  c o n t a i n  .0078 grams o f  p la t inum which i s  
approx ima te ly  1 . 2  mi l l i g rams  of p la t inum pe r  cm . It w a s  no t  e s t a b l i s h e d  
whether  t h i s  p la t inum i n  the  ma t r ix  was ma te r i a l  t h a t  adhered  t o  t h e  
s u r f a c e  o f  t h e  m a t r i x  a d j a c e n t  t o  t h e  e l e c t r o d e s  d u r i n g  t h e  d i sa s sembly ,  
o r  whether  i t  had a c t u a l l y  migrated i n t o  t h e  m a t .  T h i s  r e p r e s e n t s  
a r e l a t i v e l y  s m a l l  q u a n t i t y  of p la t inum,  and i t  h a s  n o t  been e s t a b l i s h e d  
y e t  whether  any s u b s t a n t i a l  plat inum m i g r a t i o n  o c c u r s  w i t h  t h e  u s e  o f  
po ta s s ium ti  ta na t e m a t r i c e s  . 
The c e l l  has  reached 386 c y c l i n g  p o i n t  a t  t h i s  t i m e  
The accumulated number o f  c y c l e s  on t h e  
2 
C e l l  196 showed good performance bu t  on t h e  60 th  c y c l e  e x h i b i t e d  
a n  i n t e r n a l  slow i n i t i a l  recombinat ion and c r o s s  l eakage ,  and t h e  p r e s s u r e  
d u r i n g  cha rge  d i d  n o t  r ise  above 200 p s i .  The c r o s s  l eakage  d i f f i c u l t y  
encountered  w i t h  t h i s  and previous  c e l l s  w i t h  f a b r i c a t e d  potass ium 
t i tana te  mats p o i n t s  t o  a n  a rea  of  r e q u i r e d  improvement i n  t h e  m a t  
f a b r i c a t i o n  procedure.  T h i s  w i l l  be  s t u d i e d  i n  t h e  nex t  p e r i o d .  
Cel l s  197 and 198 c o n s i s t e d  o f  p l a t i n i z e d  n i c k e l  s c r e e n  oxygen 
e l e c t r o d e s  and p l a t i n i z e d  porous n i c k e l  p laque  hydrogen e l e c t r o d e s  w i t h  
matrices 90 p e r c e n t  potassium t i t ana te  and 10 p e r c e n t  a s b e s t o s .  C e l l  
197 e x h i b i t e d  a volume balance problem and t h e  c e l l  w a s  o n l y  s u b j e c t  t o  
a l i m i t e d  number of  c y c l e s  and t h e  t e s t  w a s  d i s c o n t i n u e d .  
C e l l  N o .  198 was cycled con t inuous ly  and has ach ieved  516 
c y c l e s  t o  t h i s  p o i n t ,  and i s  s t i l l  under tes t ,  F igu re  14 shows t h e  p e r -  
formance o f  t he  ce l l  a t  va r ious  cyc le s .  A s  can  be seen ,  t h e  performance 
w a s  r e l a t i v e l y  s t a b l e  d u r i n g  t h e  f i r s t  350 c y c l e s  a t  which p o i n t  t h e r e  
was a d r o p  i n  performance. 
could  be  a t t r i b u t e d  t o  a d i f f i c u l t y  encountered  w i t h  t h e  c h a r g e r  power 
The low performance o f  the 417 th  c y c l e  
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supp ly  which dropped o f f  i n  c u r r e n t  d u r i n g  that c y c l i n g  pe r iod .  The 
power supply  was rep laced  and the ce l l  c y c l i n g  con t inued ,  and i t  h a s  
improved somewhat a s  shown by the  performance o f  t h e  516th c y c l e .  
performance of  t h i s  s i n g l e  ce l l  which i s  s t i l l  under  tes t  i s  s s p e r i o r  
t o  l i f e  t e s t i n g  o f  p rev ious  c e l l s ,  and i n d i c a t e s  a v e r y  promising c e l l  
c o n f i g u r a t i o n  f o r  improved l i f e .  
The 
Cel ls  199 and 200 cons i s t ed  o f  American Cyanamid oxygen 
e l e c t r o d e s  p l a t i n i z e d  porous n i cke l  p laque  hydrogen e l e c t r o d e s  and 
matrices made from 90 p e r c e n t  potassium t i t ana te ,  10 p e r c e n t  a s b e s t o s  
by weight .  I n  b o t h  o f  t h e s e  c e l l s  t h e  t o t a l  weight  of  t h e  m a t r i x  was 
i n c r e a s e d  from t h e  p r e v i o u s l y  t e s t e d  20 grams mats t o  24.5 grams. T h i s  
i n c r e a s e  i n  weight  was a n  a t tempt  a t  improving t h e  s t r u c t u r a l  c h a r a c t e r -  
i s t i c s  of  t h e  m a t r i x  s i n c e  d i f f i c u l t i e s  had been encountered  w i t h  c r o s s -  
l eakage  wi th  some of t h e  p r i o r  tests.  C e l l  199 has been s u b j e c t e d  t o  
400 c y c l e s  and i s  s t i l l  under  t e s t .  The performance o f  t h i s  c e l l  i s  
shown i n  F i g u r e  15. A s  can be s e e n ,  t h e r e  h a s  been a g radua l  d e t e r i o r a t i o n  
i n  t h e  d i s c h a r g e  v o l t a g e  performance o f  t h e  c e l l  w i t h  cyc l ing .  
t e s t  w i l l  be  d i s c o n t i n u e d ,  and a new m a t r i x  s u b s t i t u t e d  i n  a n  a t t e m p t  
t o  de t e rmine  t h e  component t h a t  i s  caus ing  t h e  d e t e r i o r a t i o n .  C e l l  200 
was g iven  a l i m i t e d  number o f  c y c l e s ,  and t h e  t es t  was d i s c o n t i n u e d  due 
t o  gas l eakage  and ce l l  imbalance problems i n  t h e  t es t  ce l l  set up. 
The 
C e l l  N o .  203 c o n s i s t e d  o f  American Cyanamid oxygen type  e l e c t r o d e  
and a p l a t i n i z e d  porous n i c k e l  p laque  hydrogen e l e c t r o d e .  
c o n s i s t e d  o f  a 90 p e r c e n t  potassium t i t a n a t e ,  10 p e r c e n t  t e f l o n  f i b e r  m i x .  
T h i s  matrix was a n  a t t e m p t  t o  s u b s t i t u t e  t e f l o n  f i b e r s  f o r  t h e  p r e v i o u s l y  
used a s b e s t o s  f i b e r s  as  a mechanical s t r e n g t h e n e r  t o  t h e  mat r ix .  Te f lon  
f i b e r s  were ob ta ined  by c u t t i n g  and sh redd ing  t e f l o n  c l o t h  t h a t  con ta ined  
m u l t i - f i l a m e n t  t h reads .  I n i t i a l l y  d i f f i c u l t y  w a s  had i n  o b t a i n i n g  a 
uniform mix tu re  o f  t e f l o n  f i b e r s  and t h e  potassium t i t ana te  s i n c e  t h e  non- 
w e t t i n g  n a t u r e  o f  t h e  f i b e r s  r e s u l t e d  i n  a f l o a t i n g  t o  t h e  top  i n  t h e  m i x  
s o l u t i o n  d u r i n g  t h e  p rocess ing .  
a g e n t  enab led  o b t a i n i n g  f a i r l y  uniform m i x  and t h e r e f o r e  t h e  matrix w a s  
made and assembled and subjec ted  t o  tes t  i n  t h i s  cel l .  The performance 
The m a t r i x  
The u s e  of  po tass ium hydroxide a s  a w e t t i n g  
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o f  t h i s  c e l l  i s  shown i n  F igure  16. I n i t i a l  performance was f a i r ,  and 
a s  can  be  s e e n ,  t h e r e  was a r ap id  d e t e r i o r a t i o n  i n  performance.  The 
cause  f o r  t h e  d e t e r i o r a t i o n  has n o t  been de termined  y e t ,  bu t  a d d i t i o n a l  
mats o f  t h i s  t ype  w i l l  be  eva lua ted .  
C e l l  No. 205 c o n s i s t e d  of American Cyanamid oxygen e l e c t r o d e  
and a porous  n i c k e l  p laque  hydrogen e l e c t r o d e .  The matrix was 100 p e r c e n t  
po tass ium t i t a n a t e ,  and t h e  c e l l  was s u b j e c t e d  t o  s t a n d a r d  t e s t  c y c l e .  
However, d u r i n g  t h e  charge  slow recombina t ion  occur red  and p r e s s u r e s  
beyond 200 p s i  were n o t  achieved.  T h e r e f o r e ,  t h e  t e s t  was d i s c o n t i n u e d .  
Tab le  3 summarizes t h e  r e s u l t s  o f  t h e  potass ium t i t a n a t e  
mat r ices  c e l l  tests.  A s  can  be s e e n ,  c e l l s  185, 192 and 196 employing 
20 grams ma t s  developed c r o s s  leakage ,  i n d i c a t i n g  t h a t  a n  improvement 
i n  t h e  p r o c e s s  procedure  is  r equ i r ed .  The 2 4 . 5  gram m a t s  have no t  been 
f u l l y  e v a l u a t e d  y e t .  
Gradual  d e t e r i o r a t i o n  i n  v o l t a g e  performance h a s  been observed  
i n  t h e  300 - 500 c y c l e  range  wi th  t h o s e  c e l l s  t h a t  r each  t h i s  c y c l e  l i f e .  
The component, t h e  hydrogen e l e c t r o d e ,  t h e  oxygen e l e c t r o d e  o r  m a t r i x  
that  i s  caus ing  t h e  d i f f i c u l t y  h a s  not  been i s o l a t e d  ye t .  T h i s  w i l l  be  
a t t e m p t e d  i n  the  n e x t  p e r i o d  e 
3 .1 .4  A d d i t i o n a l  S i n g l e  C e l l  T e s t s  
C e l l  No. 175 conta ined  a n  oxygen e l e c t r o d e  that  was f a b r i c a t e d  
by p a s t i n g  b l a c k  p la t inum on the s u r f a c e  o f  a gold  p l a t e d  n i c k e l  s c r e e n .  
The hydrogen e l e c t r o d e  was a s tandard  type  p l a t i n i z e d  n i c k e l  p laque .  F u e l  
c e l l  g rade  a s b e s t o s  was employed a s  t h e  ma t r ix .  The oxygen e l e c t r o d e  was 
f a b r i c a t e d  i n  a n  a t t e m p t  t o  make a non-n icke l  s u b s t r a t e ,  non wet-proofed 
t y p e  of  oxygen e l e c t r o d e .  The c e l l  was s u b j e c t e d  t o  tes t  and showed 
poor  performance both  on d i scha rge  and charge .  A f t e r  10 c y c l e s ,  t h i s  
t e s t  was d i s c o n t i n u e d .  
C e l l  No. 176 conta ined  hydrogen and  oxygen e l e c t r o d e s  f a b r i c a t e d  
by t h e  s t anda rd  t echn ique  o f  r e c y c l i n g  h o t  c h l o r o p l a t i n i c  a c i d  through 
porous n i c k e l  p l a q u e s  u n t i l  20 m i l l i g r a m s  o f  p la t inum pe r  c m 2  i s  d e p o s i t e d  
on t h e  e l e c t r o d e .  The m a t  c o n s i s t e d  o f  fou r  0.020 inch  l a y e r s  o f  ACCO 
No. 1 a s b e s t o s  manufactured by t h e  American Cyanamid Co. Four l a y e r s  of  
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TABLE 3 
Summary o f  Potassium T i t a n a t e  S i n p l e  C e l l  Tests  
H E lec t rode  Mat 
Compo s i t  ion  C y c l e s  R e s u l t s  2 













P l t .  porous 
n i c k e l  p laque  
I 1  II 
P l t .  n i c k e l  
s c r e e n  
Am. Cy.  
11 I t  
11 II 
P l t .  n i c k e l  
s c r e e n  




11 I t  
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P l t .  porous 
n i c k e l  plaque 
II I 1  
P l t .  n icke l  
p laque  
11 II 
11 I1  
II I t  
1 1  II 
I 1  II 
I t  I t  
I 1  11 
35 
KT 12  Developed i n t e r n a l  
Asb. s h o r t  
II 4 1 7  Developed slow 
c r o s s  l eakage  a t  
200 p s i  
II 11 KT 327 
Asb. 
I 1  278 Developed i n t e r n a l  
h igh  r e s i s t a n c e  
3 86 Same e l e c t r o d e s  
( S t i l l  on t e s t )  a t  195, g r a d u a l  
II 
d e  ter  i o  ra t i o n  
60 I 1  
516 I 1  
( S t i l l  on test)  
( S t i l l  on tes t )  
400 I t  
II -- 
KT 20 
Tef lon  
F i b e r  
lo($ KT -- 
Developed slow 
c r o s s  l eakage  a t  
200 p s i  
T e s t  s topped due 
t o  volume ba lance  
Gradual d e t e r i o r a -  
t i o n  
Gradual  d e t e r i o r a -  
t i o n  
T e s t  s topped due 
t o  g a s  leakage  
of c e l l  
Rapid de t e r i o r a -  
t i o n  o f  pe r fo inance  
Had slow c r o s s  
lealcage a t  200 p s i  
material  were used t o  p r e v e n t  p o s s i b l e  c r o s s  l e a k a g e  i n  t h e  m a t ,  s i n c e  
t h i s  a s b e s t o s  m a t e r i a l  h a s  a h i g h e r  p o r o s i t y  and lower bubble  through 
p r e s s u r e  t h a n  convent iona l  f u e l  c e l l  grade  a s b e s t o s .  The c e l l  was 
s u b j e c t e d  t o  cyc le  and e x h i b i t e d  low d i s c h a r g e  v o l t a g e  i . e . ,  i n  a range  
o f  0.6 t o  0 . 7  v o l t s .  The charge  v o l t a g e  was good, i . e . ,  1 . 5  t o  1 .6  
v o l t s .  The t e s t  was s topped a f t e r  f o u r  c y c l e s  due t o  t h e  low d i s c h a r g e  
v o l t a g e .  Visua l  examinat ion  o f  t h e  m a t  m a t e r i a l  showed a g r a y  d i s c o l o r a -  
t i o n  throughout  t h e  m a t .  An a n a l y s i s  of sample of  e l c c t r o l y t e  squeezed 
from t h e  m a t  r evea led  a f i n a l  KOH c o n c e n t r a t i o n  o f  27.85 p e r c e n t ,  i n d i c a t i n g  
t h a t  t h i s  t y p e  of a s b e s t o s  a l s o  r e a c t s  w i t h i n  t h e  c e l l  environment .  
C e l l  No. 1 7 7  c o n s i s t e d  o f  p r e v i o u s l y  used American Cyanamid 
type  e l e c t r o d e s  t h a t  were a c i d  washed i n  h y d r o c h l o r i c  a c i d  , t h e n  washed 
w i t h  water ,  soaked i n  potass ium hydroxide and a g a i n  washed w i t h  d i s t i l l e d  
water t o  remove any  p o s s i b l e  i m p u r i t i e s  i n  t h e  e l e c t r o d e s .  The c e l l  was 
assembled w i t h  a f u e l  c e l l  t ype  a s b e s t o s  m a t  and s u b j e c t e d  t o  3 c y c l e s  
t o  e v a l u a t e  t h e  e f f e c t  o f  a c i d  washing on t h e  e l e c t r o d e s .  The c e l l  
e x h i b i t e d  good performance. A t  t h e  end o f  t h r e e  c y c l e s ,  t h e  t e s t  was 
d i s c o n t i n u e d  t o  r e p l a c e  t h e  f u e l  c e l l  mat w i t h  a n  a c i d  washed a s b e s t o s  
mat which was then d e s i g n a t e d  C e l l  No. 180. 
Cel l  No. 180 conta ined  American Cyanamid type  e l e c t r o d e s  and 
a mat made from a c i d  washed f u e l  c e l l  grade  a s b e s t o s .  The e l e c t r o d e s  
i n  t h i s  c e l l  had been p r e v i o u s l y  used i n  C e l l  No. 1 7 7 .  The c e l l  was 
c y c l e d  on a s t anda rd  t e s t  c y c l e  o f  65  minutes  c h a r g e ,  3 5  m i n u t e s  d i s c h a r g e  
f o r  45 c y c l e s ,  a t  which t i m e  t h e  t e s t  was d i s c o n t i n u e d .  During c y c l i n g ,  
t h e  charge  and d i s c h a r g e  v o l t a g e  l e v e l s  were good, w i t h  t h e  e x c e p t i o n  
t h a t  a t  the end o f  d i s c h a r g e ,  t h e r e  would be a c o n s i d e r a b l e  f a l l - o f f  
i n  v o l t a g e ,  i n d i c a t i n g  drowning o f  t h e  e l e c t r o d e s .  D i f f i c u l t i e s  were 
had i n  g e t t i n g  t h e  c e l l  p r e s s u r e  above t h e  250 p s i g  l e v e l ,  i n d i c a t i n g  
t h a t  g a s  leakage and recombinat ion was o c c u r r i n g  a s  t h e  mat was d r y i n g  
o u t .  Due t o  t h i s  d i f f i c u l t y ,  t h e  end o f  d i s c h a r g e  p r e s s u r e  was noted  t o  
c o n t i n u a l l y  dec rease .  A n a l y s i s  o f  a sample o f  e l e c t r o l y t e  squeezed from 








3.2 M u l t i c e l l  T e s t i n g  
A t  t h e  end o f  t he  l a s t  r e p o r t  p e r i o d ,  a s  d e s c r i b e d  i n  t h e  
7 t h  Q u a r t e r l y  Repor t ,  s i x  ce l l  m u l t i c e l l  u n i t  No. 109 was removed from 
t e s t i n g  a f t e r  22 c y c l e s  due t o  poor  performance. A n  examLnation o f  t h e  
d isassembled  u n i t  r evea led  no obvious d e f e c t s  t h a t  could  have caused 
t h e  low per fornance .  A n a l y s i s  of  t h e  f i n a l  e l e c t r o l y t e  Concen t r a t ion  
i n  t h e  a s b e s t o s  mats r e s u l t e d  i n  the  fol lowing:  
C e l l  No .  1 - 27.9 ' 
C e l l  No. 2 - 27.0 $ 
C e l l  No. 3 - 23.3 ': 
C e l l  N o .  4 - 23.0 ,E 
C e l l  No. 5 - 2 6 . 3 5  *! 
C e l l  No. 6 - 28.4 4 
The v a r i a t i o n  i n  f i n a l  e l e c t r o l y t e  c o n c e n t r a t i o n  and the  
r e l a t i v e l y  low v a l u e s  ob ta ined  i n  c e l l s  Nos. 3 and 4 i n d i c a t e  t h e  p o s s i b l e  
cause  f o r  t h e  poor performance. These r e s u l t s  i n d i c a t e  once a g a i n  t h a t  
t h e  a s b e s t o s  mat material  w a s  r e a c t i n g  w i t h  t h e  e l e c t r o l y t e  and probably  
caus ing  t h e  c e l l ' s  poor performance. 
Based on t h e  s a t i s f a c t o r y  r e s u l t s  w i t h  t h e  potassium t i t a n a t e  
m a t r i c e s  i n  t h e  s i n g l e  c e l l  t e s t ,  a new s i x  c e l l  u n i t  was assembled f o r  
t e s t  i n  t h i s  pe r iod  w i t h  t h e s e  t y p e s  of  m a t s .  The i n d i v i d u a l  c e l l s  were 
made up o f  American Cyanamid AB6 type  oxygen e l e c t r o d e s ,  EOS p l a t i n i z e d  
n i c k e l  p laque  hydrogen e l e c t r o d e s ,  and 90 pe rcen t  KT, 10 pe rcen t  a s b e s t o s  
mats. 
The c y c l i n g  performance o f  t h e  6 c e l l  u n i t  i s  shown i n  F igu re  
1 7 .  A s  can  be  seen ,  t h e r e  was a gradual  i n c r e a s e  i n  t h e  cha rg ing  v o l t a g e  
w i t h  c y c l i n g  and d e c r e a s e  i n  the d i s c h a r g e  v o l t a g e  w i t h  c y c l i n g .  The 
ra te  of  d e g r a d a t i o n  observed i s  cons i2e rab ly  g r e a t e r  t han  observed wi th  
s i n g l e  ce l l s  employing t h e  e l e c t r o d e  m a t r i x  t y p e  t h a t  w a s  u t i l i z e d  i n  t h i s  
unit-. Due t o  t h e  d e g r a d a t i o n  i n  performance,  the  t e s t  was stopped a t  thliz 
175th c y c l e  and t h e  u n i t  was disassembled.  A n  examinat ion o f  t h e  i n t e r n a l  
components o f  t h e  c e l l  revea led  t h a t  a number o f  t h e  b i p o l a r  p l a t e s  had 
areas where s e v e r e  c o r r o s i o n  had taken  place. Apparen t ly ,  t h e r e  were 
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i m p e r f e c t i o n s  i n  t h e  e l e c t r o l e s s  n i c k e l  and gold  p l a t i n g  t h a t  i s  employed 
ove r  t h e  magnesium p l a t e s  and potassium hydroxide e l e c t r o l y t e  c o n t a c t e d  
t h e  magnesium and r e s u l t e d  i n  c o r r o s i o n  and p i t t i n g  of the  p l a t e s .  There 
w e r e  s u b s t a n t i a l  q u a n t i t i e s  o f  muddy type  c o r r o s i o n  product  th roughout  
the backup s c r e e n s  behind  t h e  oxygen e l e c t r o d e s .  Th i s  muddy s ludge  
cou ld  p o s s i b l y  have reduced gas a c c e s s  t o  the  back side r?f t he  e l e c t r o d e s .  
I n  a d d i t i o n ,  t h e  c o r r o s i o n  and r e a c t i o n  o f  t h e  e l e c t r o l y t e  w i t h  t h e  
b i p o l a r  p l a t e s  could  consume e l e c t r o l y t e  which a l s o  would r e s u l t  i n  
poor  performance. A chemical  a n a l y s i s  of t he  s ludge  r evea led  heavy 
m e t a l  c o n t e n t  was p r i m a r i l y  n i c k e l ,  copper  and magnesium which confirmed 
the o b s e r v a t i o n s  t h a t  t he  s ludge r e s u l t e d  from the  c o r r o s i o n  o f  t h e  
b i p o l a r  p l a t e s .  I n  t h e  p l a t i n g  o f  t he  magnesium p l a t e s ,  a copper  f l a s h  
i s  employed p r i o r  t o  the  e l e c t r o l e s s  n i c k e l  p l a t e .  The matrices from 
t h e  u n i t  were ana lyzed  f i n a l  KOH c o n c e n t r a t i o n  and were found t o  be a s  
fol lows:  
NO., 1 - 27 C 
N O .  2 - 26.35: 
NO.  3 - 30.25 ‘L 
N O .  4 - 32.75’: 
No. 5 - 29 .35-  
N O .  6 - 26.9 .: 
The v a r i a t i o n  a n d  a l s o  r e d u c t i o n  i n  the  e l e c t r o l y t e  concen t r a -  
t i o n  observed by t h e s e  t e s t s  i n d i c a t e s  t h a t  t h e  c o r r o s i o n  r e a c t i o n  r e s u l t e d  
i n  some e l e c t r o l y t e  consumption. TO f u r t h e r  e v a l u a t e  t h e  cause  of d e t e r i o r a -  
t i o n ,  t h e  oxygen American Cyanamid type  e l e c t r o d e s  were salvaged from the  
u n i t  and reassembled i n  a new 6 c e l l  u n i t  w i t h  new m a t r i c e s  and hydrogen 
e l e c t r o d e s .  T h i s  u n i t  was p u t  on t e s t  and on i n i t i a l  cha rge  r o s e  r a p i d l y  
t o  12 v o l t s  (2  v o l t s  per  ce l l )  and on d i s c h a r g e  r a n  a t  4 v o l t s  a t  10 amps. 
The extremely poor  performance of t h i s  6 c e l l  u n i t  i n d i c a t e d  t h a t  t he  oxygen 
e l e c t r o d e s  had somehow been poisoned i n  t h e  p r i o r  c e l l .  Th i s  po isoning  
could  have been as  a r e s u l t  o f  the c o r r o s i o n  p r o d u c t s  o f  t h e  b i p o l a r  p l a t e .  
T h i s  po i son ing  w i l l  b e  f u r t h e r  eva lua ted  by removing t h e  e l e c t r o d e s  from 
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t h e  u n i t  and t e s t i n g  them i n  s i n g l e  c e l l s  t o  conf i rm t h e  r e s u l t s  o b t a i n e d  
and s u b j e c t i n g  them t o  a n  a c i d  wash t o  see if t h e  p o i s o n i n g  can be removed 
and t h e  e l e c t r o d e s  recovered .  
3 . 3  Potassium T i t a n a t e  A n a l y t i c a l  Tests  
To de termine  i f  any  r e a c t i o n  o c c u r s  between potassium t i t a n a t e  
and potass ium hydroxide,  t e s t s  were conducted a s  fol lows:  
A 0.8454 gram sample of  potassium t i t a n a t e  was mixed w i t h  
15 cc of  40.15% KOH and al lowed t o  s i t  f o r  a p e r i o d  o f  90-1/3 h o u r s  
a t  8 O o C .  
d r i e d  and  weighed and a weight  l o s s  of  1.67 was o b t a i n e d .  An a n a l y s i s  
of  the s a m p l e  of t he  potassium hydroxide s o l u t i o n ,  a f t e r  t h e  t e s t  p e r i o d ,  
r e v e a l e d  t h e  f i n a l  potassium hydroxide c o n c e n t r a t i o n  o f  40 I .  
t h e  changes observed could  be cons idered  w i t h i n  exper imenta l  e r r o r .  I t  
t h e r e f o r e  a p p e a r s  t h a t  under t h i s  t ype  of  t e s t  c o n d i t i o n ,  t h e r e  i s  no 
a p p r e c i a b l e  r e a c t i o n  t a k i n g  p l a c e .  A second sample o f  0.99% grams of  
po tass ium t i t a n a t e  was mixed i n  a 30 grams s o l u t i o n  o f  mol ten  70 $ KOH 
i n  a p la t inum c r u c i b l e .  The s o l u t i o n  was mainta ined  mol ten  f o r  a p e r i o d  
of  27 hour s .  (No tempera ture  measurement was made d u r i n g  t h e  mol ten  
p e r i o d  f o r  f e a r  o f  contaminat ing  t h e  s o l u t i o n ,  b u t  i n  o r d e r  f o r  7 0 ' s  
KOH t o  b e  i n  a mol ten  s t a t e ,  t h e  tempera ture  must exceed 228 C . )  A f t e r  
t h e  27 hour  t e s t  p e r i o d ,  t h e  s o l u t i o n  was d i l u t e d  and t h e  potassium 
t i t a n a t e  f i l t e r e d ,  washed, d r i e d  and weighed. The f i n a l  weight  i n d i c a t e d  
a weight  l o s s  of 5.6 which i s  c o n s i d e r e d  somewhat h i g h  f o r  exper imenta l  
e r r o r .  
The t i t a n a t e  was t h e n  f i l t e r e d  from t h e  s o l u t i o n ,  washed, 
Both o f  
0 
The above recovered sample w a s  s t o r e d  a g a i n  i n  molten 70 
0 
KOH i n  a plat inum c r u c i b l e ,  ( g r e a t e r  t han  228 C) f o r  a p e r i o d  of  115 hours .  
A f t e r  the  tes t  p e r i o d ,  t h e  s o l u t i o n  was d i l u t e d  and t h e  potassium t i t a n a t e  
f i l t e r e d ,  washed, d r i e d  and weighed. The f i n a l  weight  i n d i c a t e d  a weight  
l o s s  o f  11 % w h i c h  i s  above what could be c o n s i d e r e d  exper imenta l  e r r o r .  
However, t h i s  r e p r e s e n t s  o n l y  a g r a d u a l  r a t e  o f  r e a c t i o n  under a very  
s e v e r e  set o f  t e s t  c o n d i t i o n s .  
An a d d i t i o n a l  t e s t  t o  f u r t h e r  d e t e r m i n e  t h e  c o r r o s i o n  
r e a c t i o n  r a t e  of potassium t i t a n a t e  w i t h  mol ten  potassium hydroxide was 






conducted  as  fo l lows .  Three samples approk ima te ly  1 gram i n  weight  o f  
po ta s s ium t i t a n a t e  t h a t  had been water washed, d r i e d  and f i r e d ,  were 
p l a c e d  i n  p l a t inum c r u c i b l e s  c o n t a i n i n g  30 grams o f  70 5 KOH i n  t h e  
m o l t e n  s ta te .  
f o r  p e r i o d s  o f  115  h o u r s  f o r  sample No. 1, 307 hour s  f o r  sample No. 2 ,  
and  547 h o u r s  f o r  sample No. 3. A t  t h e  end o f  t h e s e  p e r i o d s ,  t h e  samples  
were removed, washed f r e e  of  e l e c t r o l y t e  and weighed t o  o b t a i n  weight  
loss. The resu l t s  o f  t h e  t h r e e  samples  were 8.25 % l o s s ,  7.5 % l o s s ,  
and  8 (k l o s s  r e s p e c t i v e l y .  
p e r i o d ,  c e r t a i n l y  w i t h i n  expe r imen ta l  e r r o r ,  i n d i c a t e  that t h e r e  i s  a 
f i n i t e  r e a c t i o n  which a p p a r e n t l y  o c c u r s  i n i t i a l l y  and does  n o t  proceed  
beyond that p o i n t .  There  is p o t e n t i a l l y  a c o n s i d e r a b l e  expe r imen ta l  e r r o r  
i n  t h i s  test s i n c e  i n  t h e  washing p r o c e s s ,  i t  i s  p o s s i b l e  t o  l o s e  a 
c e r t a i n  amount o f  t h e  material, However, t h e s e  r e su l t s  a s s o c i a t e d  w i t h  
the resu l t s  p r e v i o u s l y  o b t a i n e d  and d e s c r i b e d  above a r e  ex t r eme ly  
encourag ing  and i n d i c a t e  t h a t  potassium t i t a n a t e  i s  r e l a t i v e l y  i n e r t  i n  
a po ta s s ium hydroxide  environment .  
The samples  were ma in ta ined  i n  t h e  n o l t e n  potass ium hydroxide  
The r e l a t i v e l y  c o n s t a n t  weight  l o s s  ove r  t h i s  
Upon i n q u i r y  t o  t h e  E. I. Du Pont  Co. , t h e  f o l l o w i n g  
chemica l  composi t ion  of pigmentary potass ium t i tanate  was ob ta ined :  
81 - 83.5  B T1°2 
K C 1  .5  $ max. 





2.0 5 max. 
.2 - .4$ 
2 . 5  - 4.0$ 
60 - 80 ppm 
Pb 10 - 20 ppm 
A s  10 - 20 ppm 
They i n d i c a t e d  t h a t  t h e  K C 1  and K So a r e  s u r f a c e  s a l t s  2 4  
a s s o c i a t e d  w i t h  t h e  PKT p rocess ing  and a re  removable by washing. 
f o r e ,  f o r  f u r t h e r  ma t s ,  a p r e l i m i n a r y  washing of t h e  PKT will be i n c l u d e d  
i n  t h e  p r o c e s s  procedure .  
There-  
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4 .  CONCLUSIONS 
The u s e  of potassium t i t a n a t e  m a t r i c e s  a s  a s u b s t i t u t e  f o r  a s b e s t o s  
h a s  enabled t h e  improvemerit of  c y c l e  l i f e  performance and r e d u c t i o n  i n  
t h e  r a t e  o f  d e t e r i o r a t i o n  o f  t h e  r e g e n e r a t i v e  hydrogen oxygen f u e l  c e l l .  
Potassium t i t a n a t e  e n a b l e s  t h e  achievement t h u s  f a r  o f  c y c l e  l i f e  i n  t h e  
300 t o  500 range  r e l a t i v e l y  r e p r o d u c i b l y  w i t h  s l i g h t  t o  moderate  r a t e s  
of  d e t e r i o r a t i o n .  The improvement i n  performances o b t a i n e d  by e l i m i n a t i o n  
o f  a s b e s t o s  confirms t h a t  c o n s t i t u e n t s  i n  t h e  a b e s t o s  were t h e  primary 
cause  o f  t h e  random i r r e p r o d u c i b l e  performance d e g r a d a t i o n s  and d e t e r i o r a -  
t i o n s  p r e v i o u s l y  observed.  A d d i t i o n a l  modes o f  d e t e r i o r a t i o n  s t i l l  e x i s t  
i n  c e l l s  c o n t a i n i n g  potassium t i t a n a t e  m a t r i c e s .  However, i t  h a s  been 
n e c e s s a r y  t h u s  f a r  t o  employ a l i m i t e d  amount o f  a s b e s t o s  (10 $) i n  
t h e s e  m a t r i c e s  f o r  s t r u c t u r a l  r e a s o n s .  P r o c e s s  t e c h n i q u e s  f o r  potassium 
t i t a n a t e  a s b e s t o s  mix m a t r i c e s  have been e s t a b l i s h e d .  However, a d d i t i o n a l  
re f inement  and p e r f e c t i o n  of  t h e s e  m a t r i c e s  and t h e  p r o c e s s  t e c h n i q u e s  
i s  s t i l l  r equ i r ed .  The u s e  o f  American Cyanamid t y p e  o r  e l e c t r o - d e p o s i t e d  
p l a t i n i z e d  n i c k e l  s c r e e n  e l e c t r o d e s  developed i n  t h i s  p e r i o d  e n a b l e  t h e  
e m p l o p e n t  o f  a n  oxygen e l e c t r o d e  t h a t  c o n t a i n s  no sub-mater ia l  t h a t  i s  
r e a d i l y  o x i d i z a b l e .  This  t y p e  of e l e c t r o d e s ,  t h e r e f o r e ,  does n o t  r e s u l t  
i n  d i f f e r e n t i a l  p r e s s u r e  swings,  a s  t h e  c e l l  s w i t c h e s  from charge  t o  
d i s c h a r g e  c y c l e  a s  p r e v i o u l y  o b t a i n e d  w i t h  porous n i c k e l  p laque  type  
e l e c t r o d e s .  The e l i m i n a t i o n  o f  d i f f e r e n t i a l  p r e s s u r e  problem improves 
t h e  c e l l  performance and  reduces  c r o s s  leakage problems. The p l a t i n i z e d  
n i c k e l  s c r e e n  type e l e c t r o d e s  have performed r e l a t i v e l y  w e l l  and r e p r e s e n t  
a promis ing  approach f o r  a n  e l e c t r o d e  type t o  be used i n  t h e  r e g e n e r a t i v e  
f u e l  c e l l .  It appears  t h a t  t h i s  t ype  e l e c t r o d e  and/or  combina t ions  o f  
p l a t i n i z e d  Cyanamid e l e c t r o d e s  w i l l  enable  long c y c l e  l i f e  and improve 
c a p a c i t y  due t o  less s e n s i t i v i t y  t o  w a t e r  v a r i a t i o n s  i n  t h e  m a t r i x  d u r i n g  
charge  and d i s c h a r g e  a s  opposed t o  a s t r a i g h t  w a t e r  proof  Cyanamid type 
e l e c t r o d e .  The development o f  t h e  potassium t i t a n a t e  m a t r i c e s ,  which have 
demonstrated a r e l a t i v e l y  low rate  o f  r e a c t i o n  w i t h  potassium hydroxide 
e l e c t r o l y t e s ,  r e p r e s e n t s  what could  be a s i g n i f i c a n t  c o n t r i b u t i o n  t h a t  
could be u t i l i z e d  i n  pr imary f u e l  c e l l s  and w a t e r  e l e c t r o l y s i s  u n i t s  o f  
t h e  a l k a l i n e  type. 







5. PLANS FOR T H E  NEXT PERIOD 
Cyc l ing  s i n g l e  c e l l  t e s t s  w i l l  b e  cont inued  t o  e v a l u a t e  potassium 
t i t a n a t e  matrices of  d i f f e r e n t  t o t a l  we igh t ,  w e i g h t - r a t i o  o f  e l e c t r o l y t e  
t o  m a t r i c e s ,  t h i c k n e s s ,  compression r a t i o ,  and a d d l t i o n s  o f  a s b e s t o s ,  
t e f l o n  and o t h e r  f i b e r s  t h a t  c a n  improve t h e  s t r u c t u r e  of t h e  ma t r ix .  
T e s t s  w i l l  be  con t inued  t o  determine r e a c t i o n  and c o r r o s i o n  ra te  o f  
po tass ium t i t a n a t e  wi th  potassium hydroxide.  A n a l y t i c a l  t es t s  o f  m a t r i c e s  
removed from c y c l i n g  c e l l s  w i l l  b e  conducted t o  de te rmine  i f  p la t inum 
m i g r a t i o n s  e x i s t  w i t h i n  t h e  mat r ix  and i f  e l e c t r o l y t e  r e d u c t i o n s  and 
consumption occur  d u r i n g  c e l l  cyc l ing .  I n  t h e  c e l l  t e s t s  hydrogen 
e l e c t r o d e s  f a b r i c a t e d  by p l a t i n i z i n g  ca rbony l  porous  n i c k e l  p l a q u e s  w i l l  
be  u t i l i z e d  i n  a l l  c a s e s .  For  t h e  oxygen e l e c t r o d e  American Cyanamid type  
mod i f i ed  p l a t i n i z e d  American Cyanamid t y p e  and p l a t i n i z e d  n i c k e l  s c reen  
t y p e s  w i l l  be  e v a l u a t e d .  Improved p rocess  t echn iques  will be s t u d i e d  
and i n s t i t u t e d  i n  t h e  f a b r i c a t i o n  o f  t h e  potass ium t i t a n a t e  matrices and 
t h e  p l a t i n i z e d  n i c k e l  screen type e l e c t r o d e s .  S i x  c e l l  u n i t s  employing 
promis ing  e l e c t r o d e  m a t r i x  c o n f i g u r a t i o n s  w i l l  be  assembled and s u b j e c t e d  
t o  c y c l e  l i f e  t e s t i n g  t o  o b t a i n  a d d i t i o n a l  expe r i ence  and t e s t  d a t a  of 
m u l t i  c e l l  u n i t s .  When s t a b l e  reproducib le  performance i s  ob ta ined  wi th  
s i x  c e l l  u n i t s ,  a c e l l  c o n f i g u r a t i o n  will be f rozen  and t e s t i n g  o f  34 c e l l  
600 wat t  u n i t  w i l l  be i n i t i a t e d .  
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